Introduction
The term refractory status epilepticus is applied to SE refractory to two emergency antiepileptic drug (AED), typically benzodiazepines such as lorazepam, and a second line agent such as phenytoin or valproate. 1 Induction of general anaesthesia is required in these patients. SE continuing for more than 24 h resistant to antiepileptic and anaesthetic drugs has been described as 'super-refractory' SE. 2 It is estimated that approximately 15% of all cases of convulsive status epilepticus admitted to hospital will fall into this category. 2 The term new onset refractory status epilepticus (SE) (NORSE) syndrome has been used to describe patients who develop refractory status epilepticus with no prior history of epilepsy, or identifiable causative factors. 3 NORSE syndrome may be regarded as a form of super refractory SE where no aetiological factor is identified in a patient with no prior history of epilepsy. A variety of terms have been used in the literature to describe the phenomenon of new onset refractory status epilepticus, both in adults and children. These include De Novo Cryptogenic Refractory Multifocal Febrile Status Epilepticus, 4 Idiopathic Catastrophic Epileptic Encephalopathy, 5 Severe Refractory Status Epilepticus owing to Presumed Encephalitis, 6 Devastating Epilepsy In SchoolAge Children (DESC) 7 Acute Encephalitis with Refractory Repetitive Partial Seizures (AERRPS), 8 and Fever-Induced Refractory Cryptogenic new onset refractory status epilepticus (NORSE) syndrome has been described in both adults and children, and is often associated with poor outcome. A variety of terms have been used in the literature to refer to this syndrome. The condition may be triggered by as yet unidentified infections or an immunological mechanism. We present a series of 5 patients with NORSE syndrome treated at 2 neuroscience centres in the North of England, in whom early use of immunotherapy appears to be associated with good neurological outcomes. Methods: Case note review of the index case and four other patients was undertaken to obtain details of clinical presentation, imaging and CSF findings, infectious/inflammatory tests, management of seizures, immunotherapy and outcome. Results: Case 1 was a 26 year old male with a prodrome of headache and vomiting. He developed refractory multifocal and generalised seizures, which required admission to intensive care unit and administration of general anaesthetic. Seizures recurred on withdrawal of barbiturate anaesthetic until day 29. MR imaging, CSF examination and serological tests for viral and autoimmune aetiologies were normal apart from positive anti-TPO antibodies: the patient had previously treated hyperthyroidism. He was initially treated with aciclovir and antibacterials. IV steroids were administered day 12 and IV immunoglobulin day 18. He made a good recovery being discharged home 2 months after admission. Seizures recurred on withdrawal of steroid therapy, and required longer term immunosuppressant treatment with azathioprine. Clinical features and investigations of the four other patients were similar. Two were given early immunotherapy with steroids and intravenous immunoglobulins and survived with few deficits. One patient who was not given immunotherapy died from complications associated with prolonged ICU stay. Outcome was not known for the fourth patient as she was repatriated to her home country in thiopentone coma. Conclusion: In our experience, early immunotherapy has been associated with good outcomes in NORSE. Multicentre collaboration is required to establish the diagnostic criteria and appropriate management of patients presenting with NORSE. ß 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Epileptic Encephalopathy (FIRES). 9, 10 In spite of the differences in terminology, it is possible that all of these reports describe the same entity. 11 The common clinical features include superrefractory SE following a mild febrile illness and possible initial cerebrospinal fluid (CSF) pleocytosis in some cases, although no infective aetiological agent has been identified. The outcome is frequently fatal or survival with severe neurological sequelae. [3] [4] [5] A few cases with favourable outcome have been reported. 9, 12 The optimal management for this devastating condition remains unclear. Standard treatment algorithms for status epilepticus are often unsuccessful, and a variety of additional treatment strategies have been reported in the literature, including immunotherapy, hypothermia, brain stimulation and surgery. 2 These are uncontrolled observations in small numbers of patients. However, such observations can serve to direct the search for effective treatments to be explored in controlled studies. We describe super refractory SE occurring in 5 adults with no prior history of epilepsy and in whom after extensive investigation no cause was found. Of the five patients, 3 had good outcomes, all of whom received early immunotherapy.
Index case
The patient was a 26 year old man with a past medical history of hyperthyroidism, but no risk factors for the development of epilepsy. He developed occipital headache and neck pain over a period of five days with associated vomiting. Three days later, he was admitted to hospital with a series of generalised tonic clonic seizures, interspersed with complex partial seizures. He was treated with intravenous lorazepam and phenytoin, which appeared to control seizures for the first 72 h. CT scan of the brain was normal. On day 3, he developed status epilepticus requiring induction of general anaesthesia with propofol, and transferred to the intensive care unit at the neurosciences centre. He received further AED treatment with intravenous phenytoin, valproate and levetiracetam was added. Seizure control was monitored clinically as well as using the cerebral function monitor (CFAM) and intermittent electroencephalogram (EEG) recording. Because of ongoing electrographic seizure activity, thiopentone was initiated on day 5. MRI scan of the brain on day 6 showed no significant abnormalities. Seizures recurred on withdrawal of thiopentone on day 12. Additional AED treatment in the form of Phenobarbitone and Clobazam was instituted. Further recurrences of multifocal seizure activity continued up to day 29 (Fig. 1) .
CSF analysis on admission showed mild lymphocytosis but was normal on day 8 (see Table 1 ). Full blood count initially showed a mild neutropenia (0.6) and monocytosis (1.38) that resolved to normal within days. Magnetic resonance (MRI) brain scan on days 11 and day 42 with gadolinium contrast was also normal. Infective serology (including HIV serology and monospot) and PCR for viral nucleic acids on throat swabs and CSF were negative. Antinuclear antibody (ANA) was positive (1/100 titre speckled) as was anti-TPO antibodies (440, normal range < 50,). Thyroid function tests were normal. Serum assays for antibodies to voltage-gated potassium channel (VGKC), glutamate decarboxylase (GAD), NMDA glutamate receptors and paraneoplastic neuronal antigens were negative.
The patient was initially treated with 14 days of aciclovir, ceftriaxone and amoxicillin. Once infective causes had been ruled out, because of the possibility that an autoimmune processes was responsible for sustaining the epileptic condition, intravenous steroids were administered on day 12 (3 days of 1 g IV methylprednisolone daily followed by oral prednisolone 60 mg/ day). Intravenous immunoglobulin (150 g over 5 days) was administered on day 18. Thiopentone was discontinued on day 30 without recurrence of seizures. Intensive care related complications included ventilator acquired pneumonia and a transient deterioration in renal function that resolved after discontinuation of aciclovir. The patient subsequently made a good recovery. Neuropsychological assessments at two months found moderate memory deficits and executive cognitive problems. Seizures recurred on withdrawal of steroids but responded to reintroduction of steroids. Following discharge, he has been able to return to his previous occupation in a full time capacity. Two years after discharge, he continues to take combination treatment with AED and mycophenolate mofetil. Anti-TPO antibodies are present in the serum. He continues to experience occasional focal seizures.
Demographic and clinical details of the other 4 patients is summarised in Table 1 . Patients were all previously healthy young adults, who presented with a febrile illness followed by several days of refractory seizure activity. The index case and 2 other cases given immunotherapy survived with relatively little neurological sequelae, while outcome was not known for the 5th patient.
Discussion
Super refractory SE occurring in patients with no prior history of epilepsy and with no identifiable aetiology appears to be a distinct entity. There is some debate over whether a syndromic label such as 'NORSE syndrome' for such cases is appropriate, as the potential aetiologies could be diverse. 2 However, many cases of cryptogenic de novo super refractory status described under various labels share clinical features, such as a younger age of patients, a febrile prodrome and initial CSF pleocytosis. Thus, it would appear that this entity has been labelled differently by different authors, which adds to the difficulty in interpreting the literature. We believe separating cryptogenic new onset super refractory SE from other causes of super refractory SE, and standardising terminology can aid the better understanding and advancement in management of this condition. The investigations required to exclude known causes of super-refractory SE, enabling the diagnosis of NORSE syndrome to be made have been described previously. 1 We report 5 cases of NORSE syndrome treated with anaesthetic agents and AEDs in intensive care units. Our patients were previously healthy young adults, who had a non-specific prodrome lasting for 2-7 days before onset of seizures. There were mild and transient CSF abnormalities, unremarkable imaging, and no confirmatory evidence of CNS infection. One patient had anti-TPO antibody. Duration of refractory status epilepticus requiring general anaesthesia was between 7 and 30 days. Immunotherapy was given in the 3 of the 5 cases, all of whom recovered without significant neuropsychological deficits, returning to full time employment in 2 cases. One patient who did not receive immunotherapy died of ICU related complications after 3 weeks, and outcome was not known for the other patient.
Several short series in the literature describe purely cryptogenic refractory SE, which we believe fit our proposed definition of NORSE syndrome (see Table 2 ). A number of cases series in children have also reported a similar clinical presentation. 5, 7, 13 There is some heterogeneity in the reported cases, with regards to the prodomal illness, and CSF abnormalities. It would appear that CSF analysis early in the course of illness is more likely to show pleocytosis, resolving in later analysis, which may indicate an initial infective or autoimmune precipitating factor. However, more cases will need to be studied to ascertain the true case definition of NORSE. It has been pointed out that the paediatric syndrome of FIRES is a different entity from NORSE, with no evidence of autoantibody production, and no apparent improvement with immunotherapy. 14, 15 Other series of super refractory status epilepticus of diverse aetiologies probably include some similar cases to ours. The California encephalitis project (CEP) for example included 43 patients presenting with status epilepticus following a febrile prodromal illness, the majority (72%) of whom did not have an identifiable viral pathogen. 1, 16, 17 The mortality in this cohort was 28%, and the majority of survivors are described as suffering severe neurological impairment. According to definitions used in the CEP study, our patients would have been classed as suffering from encephalitis. The apparent good response to immunotherapy hints at an autoimmune process involved in the pathogenesis of at least some cases of NORSE syndrome in adults. An immunological basis for NORSE syndrome has been suggested by other authors. In our series as well as the CEP series, one patient each had anti-thyroid peroxidise antibodies. Single case reports have also described occurrence of antibodies to Glure2 and neuropil, with good outcome from immunotherapy. 18, 19 A number of case reports have described antibodies to NMDA glutamate receptors and voltage gated potassium channel antibodies in patients with refractory status epilepticus. [20] [21] [22] [23] Immunotherapy including steroids and intravenous immunoglobulin has been used in super-refractory SE for a number of years. 2 In addition to their immunological effects, steroids also have potentially beneficial effects on breakdown of blood brain barrier, GABA receptor activity and intracranial pressure. In the management scheme proposed by Shorvon and Ferlisi, it has been suggested that early immunotherapy should be instituted in cases of super refractory SE where no cause has been identified. 2 Our cases give further support to the notion that early immunotherapy should be considered in patients classed as suffering NORSE syndrome. 
